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@ Aircraft aircrew life support apparatus. 

@ A t)reathlng demand regulator for use in aircrew life support apparatus has an aneroid capsule 56 
coacting with a valve head 50 to restrict outflow from a breathing pressure control chamt>er 32. The 
aneroid capsule expands to move the valve head in the event of aircraft cabin altitude rising above a 
predetermined level due to loss of cabin pressure. An end face 53 of a valve stem 51 supporting the valve 
head senses inflation pressure of an aircrew G-suit by way of a passageway 59 for movement of the valve 
head in the presence of G-load. This arrangement provides for increased control pressure and, hence, 
increased breathing gas pressure in a regulator outlet 13. in meeting the higher of requirements for 
positive pressure breathing to protect an aircrew member exposed to both G-load and high aircraft 
ambient altitude (say above 12000 metres). 

The regulator is disclosed in combination with an anti-G valve arrangement gO, 100 and a G-suit 
inflation control vah^e arrangement 60, 61, and 120, 121 ttiat provides the higher of 6-suit inflation 
pressure requirement for protecting the aircrew member when exposed to high aircraft ambient altitude 
in the presence of G-load. 
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AIRCRAFT AIRCREW LIFE SUPPORT APPARATUS 



THIS INVENTION relates to an aircraft aircrew 
life support apparatus and is particularly concerned 
with a breathing demand regulator which when used 
in combination with a G-^rotectlon trousers garment 
inflation pressure control system meets requirements 
for protection of an aircrew member exposed to G- 
load and/or high altitude. 

The enhanced agility of modem high perform- 
ance aircraft designs give such aircraft the ability to 
perfomn very highly accelerative manoeuvres both at 
low altitude and at high altitudes, e.g. in excess of 
12,000 metres (40,000 ft). To take advantage of this 
agility an aircrew member flying the aircraft must be 
protected against 6-induced loss of consciousness, 
known as G-loc, as well as the effect of exposure to 
high altitude in the event of loss of cabin pressure, in 
this regard, unless otherwise specified, references to 
altitude are to be understood as references to the 
altitude equivalent to the pressure within an enclosure 
or cabin within which an aircrew member is situated 
and which is usually pressurised in relation to the 
external ambient pressure with the consequence that 
"cabin altitude" Is related to but usually less than the 
actual altitude of the aircraft 

The partial pressure of oxygen In air decreases 
with increasing altitude (decreasing total pressure) so 
that the concentration of oxygen in breathing gas sup- 
plied to the aircraft aircrew member must be 
increased with increasing cabin altitude to maintain 
the oxygen partial pressure above the minimum value 
necessary for it to be able to diffuse through the lung 
tissue and pass to the haemoglobin or red corpuscles 
in the blood. If, at aircraft operating altitudes above 
12000 metres, there is total or partial loss of cabin 
pressure which causes cabin pressure to fall below 
12000 metres equivalent pressure then the overall 
pressure of the breathing gas delivered to the aircrew 
memt>er must be increased to a value above cabin 
ambient pressure so that the minimum critical oxygen 
pressure is maintained in the lungs, this being refer- 
red to as positive pressure breathing (PPB). 

Positive pressure breathing at high altitude is 
aided by exerting pressure around the chest to assist 
the aircrew member In exhaling used gas from his 
lungs against the positive pressure in his breathing 
mask and to enable breathing to be sustained until the 
aircraft has descended to 12000 metres or below. To 
meet this requirement the aircrew member wears an 
inflatat>le counter-pressure garment ("jerkin") around 
his chest and back area which is inflated to the same 
pressure as the pressure In the breathing mask during 
positive pressure breathing, conveniently by being 
connected for lnflatk>n by breathing gas delivered to 
the breathing mask. 

To counter the effects of high G-load the aircrew 
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memt>er wears an inflatable G-protection trouser gar- 
ment ("G-suit") which is inflated from a source of high 
pressure gas, such as engine bleed air. Inflatton of the 

5 trouser garment may be In response to signals from 
one or more accelerometers located in the aircraft for 
sensing accelerative forces, or in response to mova^ 
ment of an inertia mass provided as part of an inflation 
control valve assembly. When inflated, the trouser 

10 garment restricts the flow of blood into the lower ext- 
remities of the body where it tends to be forced under 
the action of the 6-load to which the aircrew member 
is subjected. 

It has t>een found that protection against G-ioc is 

IS further enhanced by providing positive pressure bre- 
athing during periods when high G-loads are being 
experienced. The increase in breathing pressure 
causes an approximately equal increase In heart level 
blood pressure thereby increasing the flow of k)lood to 

20 the brain. 

At altitudes which demand positive pressure Kmb- 
athlng it is advantageous to Inflate the trouser gar- 
ment to a pressure three to four times that of the 
pressure In the breathing mask even at times when 

25 aircraft flight manoeuvres are not such as to gh/e rise 
to high G-load. This Inflation of the trouser garment 
counteracts the tendency for blood to be forced into 
the lower extremities of the body by the high pressure 
in the lungs and by the counter-pressure garment, 

30 which reduces the circulation of blood from the heart 
to the brain. However, when both altitude and G-load 
conditions give rise to a requirement for positive 
pressure breathing. It is considered now tliat the 
trouser garment should be inflated to a pressure 

35 appropriate to the higher of the prevailing G-load or 
altitude signals. 

Breathing demand regulator and garment inf- 
lation pressure control apparatus disclosed In EP-A- 
0,000,312 and corresponding US-A-4,230,097 

40 (Intertechnique) has an Inertia body movably respon- 
sive to acceleration along a predetermined direction 
for Increasing the inflation pressure in a trouser gar- 
ment when an acceleration in excess of 2G Is sensed. 
The apparatus further includes an aneroki capsule 

45 which is responsive to prevailing aircraft cabin press- 
ure for setting a pressure in the trouser garment at a 
predetermined aircraft operating altitude. As des- 
cribed the apparatus is particulariy suited for use with 
a liquid oxygen breathing system having a converter 

50 for supplying gaseous oxygen to the apparatus. The 
garment inflation pressure control part of the 
apparatus Includes an ejector which is driven by the 
high pressure gaseous oxygen to induce ambient air 
into the apparatus for use as garment lnflatk)n supply 

55 air. This arrangement is wasteful of oxygen and Is not 
suited for use with breathing systems which supply 
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oxygen-enriched breathable gas at lower pressures 
than liquid oxygen systems. 

A ftjrther disadvantage of the apparatus as gen- 
erally disclosed by this reference is to be found In the 
arrangement of Inertia mass and the aneroid capsule. 
This is such as to isolate the inertia mass signal at 
altitudes at which the aneroid capsule is effective so 
that the pressure in the trouser garment is that set by 
altitude when a higher pressure may be required for 
protection against G-load. 

This disadvantage applies also to a disclosure In 
the reference for obtaining positive pressure brea- 
thing in the presence of G-toad and at altitudes in 
excess of 12,000 metres. 

An emt>odiment disclosed by the reference that 
does not have the aforementioned disadvantage has 
the inertia mass and the aneroid capsule arranged in 
series such that their effect in setting the trouser gar- 
ment inflation pressure is additive. This does not 
satisfy tfie requlrementthat inflation of the trouser gar- 
ment must be to a pressure appropriate to the higher 
of the prevailing G-ioad or altitude signals. 

It is common practice now to provide oxygen-en- 
riched air as breathing gas for an aircrew meml>er of 
a high performance aircraft from an on-t>oard oxygen 
generating system (OBOGS) which includes molecu- 
lar sieve beds comprising zeolite material suited to the 
retention of nitrogen whilst permitting oxygen to pass 
through the beds. 

A problem with respect to demand valve oper- 
ation In a breathing regulator suitable for accom- 
modating the lower range of breathing gas pressure 
available from an OBOGS is overcome by a breathing 
regulator disclosed in EP-A-0.263,677 (Nonmalair- 
Garrett) which provides positive pressure breathing 
when the cabin altitude exceeds 12,000 metres and, 
also, when high G-loads are being experienced. 
At)ove 12,000 metres cabin altitude, an aneroid valve 
expands to increasingly restrict the flow of gas from a 
breathing-pressure control chamber so that pressure 
in this control chamber increases thereby increasing 
the pressure of the breathing gas at the regulator out- 
let to which t>oth breathing mask and counter-pres- 
sure garment or jerkin are connected. 

When the aircrew member is subjected to high G- 
loads, i.e. between 3.5G and 9G, a further valve regu- 
lating outflow from the breathing-pressure control 
chamber is signalled pneumatically by an anti-G valve 
to move towards increasingly restricting outflow of 
gas from the breathing-pressure control chamber so 
tiiat pressure in that chamber increases to provide 
(increased) positive pressure breathing in the event 
that the cabin altitude is below that at which the same 
degree of positive pressure breathing would be pro- 
vided. The anti-G valve is an electro-pneumo- 
mechanical device that controls a supply of inflation 
air to the G-suit in accordance with sensed G-loads 
and the signal to the further valve of the demand regu- 
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later is obtained by tapping the inflation air tine from 
the anti-G valve to the G-suit 

A co-pending European patent application num- 
ber 9031 01 50.9 filed 17 September 1990, in the name 

5 of the present applicant, having an eariier priority date 
than the priority date of the present application but not 
published at the date of filing the present application, 
discloses a breathing demand regulator having the 
features of EP-A-0.263,677 disposed In a common 

10 housing with an electro-pneumatically operated G- 
suit Inflation pressure control valve. 

Whilst individual operation of each of the aneroid 
valve and the anti-G valve disclosed by EP-A- 
0,263,677 is satisfactory, the disclosed arrangement 

IS of these vah/es is such that the requirement for posi- 
tive pressure breathing to be set by the higher of the 
G-load and altitude signals is not met. 

It is therefore an object of the present Invention to 
provide a breathing demand regulator meeting the 

20 requirement for positive pressure breathing to be set 
by the higherof a G-load signal and an altitude signal. 

it is another object of the invention to improve 
upon the system of EP-A-0,000,312 kiy incorporating 
a breathing demand regulator having characteristics 

25 which provide the higher of positive pressure brea- 
thing requirements for protection against G-toad and 
exposure to high altitude. 

It is a further object of the invention to provide an 
aircraft aircrew life support system which delivers tiie 

30 higher of requirements tor positive pressure t>reathing 
and the higher of requirements for G-suit inflation 
pressure to protect an aircrew member exposed to 
altitodes above In the order of 12000 metres (40,000 
ft) and in the presence of positive G-!oad. 

35 Accordingly, in its broadest aspect, the present 

invention provides an aircraft aircrew breathing 
demand regulator adapted to be connected with a bre- 
athing gas source for regulating delivery of breathing 
gas to a breathing mask in response to breathing 

40 demands of the aircrew member, the breathing regu- 
lator Including a breathing-pressure control chamber 
fed with gas to develop a control pressure therein 
determining the breathing gas pressure delivered by 
the regulator, aneroid means for controlling outflow 

45 from the control chamber to increase breathing gas 
delivery pressure appropriate to positive pressure 
breathing above a predetermined aircraft cabin 
altitude, and valve means for controlling outflow from 
the control chamber to increase breathing gas detiv- 

50 ery pressure appropriate to positive pressure brea- 
thing in tiie presence of high or rapidly changing 
G-load, characterised in that the aneroid means and 
the control chamber outflow control valve means 
coact such that in tiie presence of G-load above saki 

55 predetermined aircraft cabin altitude the outflow con- 
trol vah^e means is moved to control outflow from the 
control chamber to increase breathing gas delivery 
pressure appropriate to protection against the higher 

4 
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of the altitude and G-toad requirements. 

Preferably the outflow control valve means conv 
prises a valve head in-line with the aneroid means and 
moved by expansion of the aneroid means towards 
restricting outflow from the control chamber. 

In an embodiment of the Invention the valve head 
is carried by a valve stem having an end face opposite 
the valve head adapted for communication with a 
pneumatic signal representative of inflation pressure 
in a G-sult worn by the aircrew member. The aneroid 
means may be adapted to act on the end face of the 
valve stem for movement of the valve head at altitude 
causing expansion of the aneroid means, and in a par- 
ticular embodiment of the invention, the aneroid 
means acts on the valve stem through a loading menv 
ber. 

A breathing demand regulator in accordance with 
the present invention when used in an aircraft aircrew 
life support system requires a pneumatic signal rep- 
resentative of 6-suit inflation pressure for its oper- 
ation in providing positive pressure breathing in the 
presence of 6-load. 

Accordingly, in another aspect of the present 
invention an aircraft aircrew life support system com- 
prising a breathing demand regulator adapted to t>e 
connected to a breathing gas source for regulating 
delivery of breathing gas to a t>reathlng mask in res- 
ponse to breathing demands of the aircrew member, 
and, if required, to a chest counter-pressure garment; 
and anti-G valve means and G-suit inflation pressure 
control means responsive ther^o for outputting inf- 
lation gas to the G-suit, is characterised in that the 
breathing demand regulator Is in accordance with the 
present invention. 

Whilst the anti-G valve and G-suit Inflation press- 
ure control means are preferat>ly disposed in an 
single integrated unit with the breathing regulator, 
they may be provided as separate units connected by 
a suitable link for outputting pneumatic signals to the 
breattiing regulator. 

The antnG valve means may comprise first anti-G 
valve means including an inertia mass responsive 
when G-ioad exceeds a predetenmined level to cause 
rapid inflation of the G-suit to a first pressure and sec- 
ond anti-G valve means including an inertia mass res- 
ponsive to increasing G-load for controlling G-suit 
inflation pressure to increase at a steady rate with 
increasing G-load above said predetermined level. 

Means may t>e provided for applying breathing 
regulator control chamber pressure to the first and 
second anti-G vaive means for Inflation of the G-suit 
in the absence of G-load above said predetenmined 
aircraft cabin altitude, whereby said pressure acts to 
null the effect of the inertia mass of the second valve 
means when the requirement for protection against 
altitude Is higher than for protection against G-load. 

The first and second anti-G valve means may 
control servo-pressure of a servo-valve arrangement 
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controlling inflation of the G-suit. 

The servo-valve arrangement may comprise an 
Inflation gas flow control valve member adapted for 
opening under the action of servo-pressure to com- 

5 municate an inflation gas inlet with an inflation gas 
outiet whereby inflation gas flows to the outiet for inf- 
lation of a G-suit connected to the outiet, and a G-suit 
vent valve member adapted for closing under the 
action of servo-pressure with a vent port In the outiet 

10 whereby when the vent valve member is in an open 
position the G-sult Is vented to atmosphere. 

In one emt>odiment of the Invention the first antl-G 
valve means comprises a valve member cam'ed by a 
diaphragm, an irmrtia mass biased by a spring to off- 

15 load the valve member below the predetenmined level 
of G-load at which tiie G-suit is inflated, and means for 
sensing breathing regulator control chamber pressure 
on that side of the diaphragm facing the inertia mass. 
The valve member may be provided as a sepa- 

20 rate component from the inertia mass which may pro- 
ject a spigot into contact with one face of the valve 
member or. alternatively, the valve memt>er may be 
integral with the inertia mass. 

The second antl-G vah^e means may comprise a 

25 valve member supported by a plurality of diaphragn^ 
and having a valve head at one end thereof, an inertia 
mass supported by a diaphragm and adapted far act- 
ing against an end face of the vaive member opposite 
the valve head for movement of the valve member 

30 under influence of increasing acceleration, means for 
sensing breathing regulator control chamt>er pressure 
In a chamber deflned between the inertia mass sup- 
porting diaphragm and an end one of the valve mem- 
ber supporting diaphragms, a spring acting to bias the 

35 valve member towards an open position and meane 
for sensing G-suit inflation pressure and for using this 
pressure as a feedback force for movement of the 
valve member in opposition to tiie resultant of the Iner- 
tial force on the inertia mass and the force applied by 

40 pressure In the chamber deflned t>etween the Inertia 
mass supporting diaphragm and the end one of the 
valve member supporting diaphragms. 

The invention will now be further described by 
way of example with reference to the accompanying 

45 drawings in which: 

Figure 1 is a diagramatic illustration of apparatus 
in accordance with one embodiment of the inven- 
tion; 

Figure 2 is a diagramatic illustration on larger 
so scale of two valve modules of the apparatus 

shown in Figure 1; 

Figure 3 is a graph showing desirable increase in 
G-protectfon trouser garment inflatfon pressure 
with increasing G-load; and 
55 Figure 4 is a modifled form of tiie apparatus 

shown in Figure 1. 

Figure 1 of the drawings fllustrates dlagramati- 
cally combined breathing demand regulator and G- 

5 
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protection tfouser garment ("G-suit") inflation control 
apparatus in the form of a single seat-mountable unit 
10 having a breathing gas Inlet 11 and a G-sult inf- 
lation gas inlet 12, and outlets 13 and 14 for breathing 
gas and Inflation gas, respectively, adapted for con- 
nection with corresponding inlets 13a, 14a of a per- 
sonal equipment connector 15. The actual 
construction of the cooperating parts of the unit 10 
and personal equipment connector 1 5 are not detailed 
in Figure 1 because they conform with existing stan- 
dards. For instance, as is customary, the outlets 13, 

14 and inlets 13a, 14a incorporate self-sealing valve 
arrangements 16, 16a, respectively, that provide 
open communication through the outlets and conrv 
plementary inlets when the connector 15 is attached 
to the unit 10, but which close to seal off the outlets 
and inlets upon detachment of the connector 15 from 
the unit The cooperating parts of the unit 10 and con- 
nector 15 include provision for coupling communi- 
cations and other services (not shown), such as 
de-misting air supplies, on the aircraft to the aircrew 
memt>er and his personal equipment The connector 

15 may also include a suitable tapping (not shown) 
from the inlet 13a for connection to a chest counter- 
pressure garment ("jerkin") to provide for inflation of 
this by breathing gas to assist exhalation during posi- 
tive pressure breathing. 

The breathing gas inlet is adapted to receive oxy- 
gen-enriched airfirom a source of breathing gas such 
as. for example, a molecular sieve 03^gen concen- 
tration system (not shown). Flow of oxygen-enriched 
air to the breathing gas outlet 1 3 is controlled by a de- 
mand-regulator arrangement comprising a main regu- 
lator 17 and a standby regulator 17a for use, for 
example, in the event of malfunction of the main regu- 
lator. Breathing gas from the inlet 1 1 flows to the main 
regulator by way of an inlet passageway 1 8 and to the 
standby regulator byway of an inlet passageway 18a, 
a selector valve 19 being provided for communicating 
one or the other of the inlet passageways 1 8, 1 8a with 
the breathing gas inlet 1 1. As the major components 
of the regulators 17, 17a are of the same design only 
the main regulator is here described in detail. 

The main regulator 17 comprises a demand valve 
20 having a valve head 21 supported by a spindle 22 
from a spool 23 that slides in a bore 24 in the body of 
the unit 10. The valve head 21 is urged towards a dos- 
ing position by a compression spring 25 acting on the 
valve head. Means such as an adjustment screw (not 
shown) may be provided for adjusting the thrust of the 
spring on the valve head. The opposed surfaces of the 
valve head 21 and the spool 23 are equal so that the 
valve 20 is balanced by the pressure of the oxygen- 
enriched air in the inlet passageway 18. The spool 23 
is provided on its circumferential surface with grooves 
26 in the manner of a labyrinth seal. The eruj surface 
of the spool opposite the end surfoce from which the 
spindle 22 projects is of conical fonn and projects from 
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the bore 24 into contact with a valve operating lever 
27 housed in a demand-pressure sensing chamber 28 
and arranged to rocic about one of its ends 29. The 
other end 30 of the lever 27 bears on the centre of a 

5 diaphragm 31 that divides the demand-pressure 
sensing chamber 28 from a breathing pressure con- 
trol chamber 32. 

The demand-pressure sensing chamber 28 is 
arranged to be open to pressure at the outlet 1 3 whilst 

10 the breathing-pressure control chamber 32 is 
arranged to receive a bleed of oxygen-enriched air 
from the demand-pressure sensing chamber through 
an orifice 33 in the diaphragm 31. The breathing-pres- 
sure control chamt)er 32 is arranged to be open to air- 

15 craft cabin pressure by way of a passageway 34, a 
chamber 35, a passageway 36 and an outlet 37. A 
press-to-test valve 38 and a press-to-test relief valve 
39 are incorporated in the passageway 36. A valve 
arrangement provided with the chamber 35 and 

20 hereinafter descrit>ed in detail, controls outflow of gas 
from the breathing-pressure control chamber 32 fo the 
aircraft cabin in obtainment of a pressure in the brea- 
thing-pressure control chamber appropriate to provi- 
ding positive pressure breathing at cabin altitudes 

25 atx}ve 12,000 metres or in the presence of high 6- 
loads. 

A maximum pressure relief valve 40 provides for 
venting of excess pressure from the breathing-pres- 
sure control chamber 32, via the passageway 34 and 
30 the breathing pressure control chamber 32a of the 
standby regulator 17a via a passageway 41 to a sec- 
ondary outlet 42 to the aircraft cabin. 

Pressure In the breathing-pressure control cham- 
ber 32 Is applied, by way of passageway 41, to one 
35 side of a diaphragm 43 that together with a spring 44 
acts to urge a valve head 45 carried by the diaphragm 
43 towards closing communication between a vent 
port 46 in the outlet 13 and a secondary outlet 47 to 
the aircraft cabin and that enables oxygen-enriched 
40 air in the outlet 13 to be vented to aircraft cabin. The 
valve head 45 is arranged to open when the pressure 
in the outlet 13 Is a prescribed amount higher than that 
in the breathing-pressure control chamber 47. Typi- 
cally, the pressure differential required to open thte 
45 pressure relief valve arrangement Is 950Pa (3.8 
inches WG). 

The diaphragm 31 Is backed by a spring 48 
located In the breathing-pressure control chamber 32. 
This spring acts on the diaphragm to urge it into con- 
so tact with the lever 27 and the arrangement Is such that 
the force balance of the springs 25 and 48 acting on 
the diaphragm 31 and demand valve 20 provides a 
null position for the diaphragm in which the valve head 
21 is held off its seat sufficientiy to maintain, in oper- 
55 ation, a positive (safety) pressure of, say, 375 Pa (1 .5 
inch WG) in the outlet 13. Means (not shown) may be 
provided to negate the effort of spring 48 when the 
regulator is out of use, to prevent wastage of oxygen- 

6 
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enriched air by permitting the valve head 21 to dose 
under the influence of spring 25. 

As thus far described the nnain regulator 17 con- 
fomns in pHnciple to the breathing regulator described 
in EP-A-0.263,677, and functions in similar manner. 
That is, with oxygen-enriched air available at the inlet 
1 1 and the selector valve 19 switched to connect the 
inlet 11 with inlet passageway 18, the demand valve 
20 responds by movement of the diaphragm 31 to 
phases of the breathing of an aircrew member wear- 
ing a mask attached to the outlet 13 via the connector 
15. Breathing cyde pressure exists in the outlet 13 
and thus in the denfiand-pressure sensing chamber 
28, being sensed by the diaphragm. This moves to the 
right, as seen in the drawings, during inhalation so as 
to cause opening movement of the valve 20, whereas 
exhalation causes the diaphragm to move to the left 
to pemnit the valve 20 to dose. 

In this embodiment, however, the standby regu- 
lator 17a Is provided. With the selector valve switched 
to connect the Inlet 11 with the passageway 18 brea- 
thing cyde pressure will exist in the demand-pressure 
sensing chamber 17a of the standby regulator 
because of its connection with the outlet 1 3. Also, con- 
trol pressure will exist in the breathing-pressure con- 
trol chamber 32 because of its connectton with the 
passageway 34. However, the standby regulator will 
not function to deliver oxygerv-enriched air because 
there is no supply to its demand valve 20a. In the 
event of malfunction of the main regulator 17 the air- 
craw member switches the selector valve 19 to con- 
nect the Inlet 11 with the passageway 18a so that 
oxygen-enriched air is delivered to the demand valve 
20a and the standby regulator 17a then operates in 
the manner previously described with reference to the 
main regulator 17 but at a higher safety pressure of, 
say, 750 Pa (3.0 inches WG). 

An important feature of the breathing regulator of 
the present invention is the valve arrangement pro- 
vided with the chamt>er 35. This valve arrangement 
comprises a valve head 50 located In the chamber 35 
and carried by a stem 51 which slides in a bore 52 in 
the body of the unit 10. At an opposite end face 53 of 
the stem 51 a valve seat 53a is provided and a bore 
54 extends through the stem between the vah^e seat 
53a and the valve head 50. A loading member 55 car- 
ried by an aneroid capsule 58 is slidable in the bore 
52 and is urged by expansion of the capsule 58 
towards dosing with the valve seat 53a. The aneroid 
capsule 56 is located in a chamfc>er 57 which is open 
to aircraft cabin pressure byway of a port 58. The end 
face 53 of the stem 51 is conununlcated with pressure 
in the G-suit inflation gas outlet 14 by way of a pas- 
sageway 59 which extends between the outlet 14 and 
the bore 5Z 

In operation of the breathing regulator, when the 
aircraft Is flying highly accelerative manoeuvres which 
subject the aircrew member to G-load, G-suit Inflation 
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pressure present in the outlet 1 4, as will hereinafter be 
described, is sensed on the end face 53 of the stem 
51 by way of the passageway 59. This pressure acts 
to move the valve-head 50 towards Increasing the 

5 restriction to outflow from the breathing-pressure con- 
trol chamber 32 to the outlet 37 to the aircraft cabin. 
This causes pressure in the chamber 32 to rise and 
increase the net pressure loading the diaphragm 31 
and correspondingly the pressure In the outlet 13 and 

10 chamt>er 28. The demand valve 20 thus tends to 
maintain an increased pressure in the outlet 13 and, 
hence. In the breathing mask of the aircrew member. 
The increase In pressure In chamk>er 32 is also 
applied to the diaphragm 43 of the relief vah^e 

15 arrangement By choice of the ratio of stem area 51 
and head area 50 the required schedule of breathing 
pressure versus G-suit pressure may be obtained. 

In similar manner. In the event of the cabin 
altitude rising above 12000 metres the aneroid cap- 

20 sule 56 expands to move the vah/e head 50 towards 
Increasing the restriction to outflow from the chamber 
32 to the outlet 37 and so result in a raising of the bre- 
athing gas pressure at outlet 13 thereby to nrtaintain a 
physiologically acceptable level of oxygen partial 

25 pressure in the breathing gas supplied to the aircrew 
member during flight at cabin altitudes in excess of 
12000 metres. 

If a highly accelerative manoeuvre is flown with 
the cabin altitude in excess of 12000 metres, G-suit 

30 inflation pressure at outlet 14 is applied to the end 
face 53 of valve stem 51 and if this is such as to 
require an increase In breathing gas pressure over 
that set by expansion of the aneroid capsule 56, the 
valve head 50 is moved to further increase the rsstric- 

35 tion to outflow from the chamber 32 and, hence further 
increase the breathing gas pressure at outlet 13. 
However, in the event that cabin altitude is the higher 
of the two requirements the pressure on the end face 
53 is ineffective. Thus, it wfll be appredated that 

40 pressure In control chamber 32 and, hence breathing 
gas pressure at outlet 13 is set by the higher of the 
requirements for protection against the effects of 
altitude and 6-toad when the aircraft performs man- 
oeuvres gh/ing rise to G-load at altitodes in excess of 

45 12000 metres. 

For the reasons explained in EP-A-0,263,677, the 
bore 54 in the stem 51 provides a supplemental con- 
trol flow function effective to counteract the effects of 
sudden changes in G-load. 

so The unit 1 0 additionally comprises G-suit inflation 

control means that indudes an inflation gas flow con- 
trol valve member 60 (Figure 2) canried by a diap- 
hragm 61 and having a vahre head 62 biased tiy a 
spring 63 towards dosing an inflation gas supply pas- 

55 sageway 64 extending from the inlet 12 and an inf- 
lation gas delWery passageway 65 connecting with 
the outiet 14. An inflation gas supply line 66 comnminl* 
eating with a source of pressurised gas such as, for 

7 
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example, pressurised air for the aircraft environmen- 
tal control system derived firom an engine compressor 
stage, is connected with the inlet 12. The construction 
of the cooperating parts of the supply line 66 and Inlet 
12 are not detailed In Figure 1 because they conform 5 
with existing standards. As is customary, the inlet 12 
and the supply line 66 incorporate self-sealing valve 
arrangements 12a and 66a, respectively, which coop- 
erate to provide open conrmiunication when the supply 
line 66 is attached to the unit 10, but which dose to io 
seat off the supply line and the inlet upon detachment 
of the supply line. A shut-off valve 67 is provided for 
closing conuminicatlon between the inlet 12 and the 
passageway 64. A shut-off valve position indicator 68 
is provided for outputting a signal to the aircrew mem- is 
berwhen communication between the inlet 12and the 
passageway 64 is closed. A secondary inflation gas 
supply passageway 69 from an inlet 70 conrmiuni- 
cates with the passageway 64 downstream of the 
shut-off valve 67. The inlet 70 is adapted for conneo- 20 
tion with a source of pressurised gas, for example a 
pressurised air bottle, which is earned on the aircrew 
seat (not shown). Sealing means (not shown) are pro- 
vided on the air bottle and are adapted to be broken 
or opened when the ao-crew member ejects from the 25 
aircraft so that if the aircraft altitude is In excess of 
12000 metres it allows for G-suit inflation to protect 
against altitude in the normal manner during ejection, 
it will be appreciated that the non-return valve 12a 
closes the inlet 12 so that inflation air cannot escape so 
theiethrougti following ejection. 

A pressure reducing valve 71 carried by a diap- 
hragm 72 maintains a stable supply pressure from the 
supply passageway 64 to a flow restrictor orifice 75 in 
a passageway 73 leading from the valve 71 , in provi- 35 
sion of a servo-flowfor control purposes. The valve 71 
is biased towards opening by the action of a spring 74 
and aircraft cabin pressure on the face of the diap* 
hragm opposite the valve 71. 

The passageway 73 branches into passageways 40 
76 and 77, and a branch passageway 78 from the pas- 
sageway 76 connects with a chamber 79 which is 
defined in part by thatface of the diaphragm 61 oppo- 
site the fiace which projects the valve member 60. The 
passageway 76 further connects with outlets 80 and 4S 
81 via first and second valve modules 90 and 100. 
Servo-pressure for control of G-sult inflation is regu- 
lated by the valve module 100 which acts to restrict 
outflow from the passageway 76 by way of outlet 81 
to aircraft cabin. Initially however, the valve module so 
100 is prevented from setting servo-pressure at a 
level required for opening the flow control valve mem- 
ber 60 because servo-flow continues to be vented to 
aircraft cabin by way of the outlet 80. As acceleration 
Increases and a load of 2G is exceeded, the valve 55 
module 90 doses the outlet 80 and allows servo-pres- 
sure to immediately build to a level for opening the 
flow control valve nriember 60. In this embodiment this 
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is aided by provision of a flow restrictor orifice 82 In 
the passageway 76 between the valve modules 100 
and 90. 

It should be appreciated that whilst in this embo- 
diment the valve module 90 operates when a load of 
2G is exceeded, it may be designed for operation at 
any desired G-load. 

Witti particular reference to Figure 2, the first 
valve module 90 comprises an inertia mass 91 which 
projects from one end face a spigot into contact with 
a valve member 92 and a stem having a flanged head 
93 from Its opposite end face. The valve member 92 
is supported by a diaphragm 94 whilst a spring 95 acts 
on the underface of the flanged head 93 to bias the 
Inertia mass 91 to off-load the valve member 92. A 
chamber 96 defined at one end by the diaphragm 94 
is connected with the breathing-pressure control 
chamber 32 of the main regulator 17 by a branch pas- 
sageway 97 from a passageway 98. The inertia mass 
91 is a loose frt in the body of the unit 1 0 so that press- 
ure in the chamber 96 is balanced on opposite feces 
of the inertia mass 91 and the flanged head 93, and 
is effective only on the diaphragm 94. The force exer- 
ted by the spring 95 on the underface of the flanged 
head 93 is such as to bias the inertia mass 91 to off- 
load the valve member 92 so that the valve member 
is held by the stiffness of the diaphragm 94, or by a 
light spring (not shown), in a position in which the pas- 
sageway 76 is connected with the outlet 80 until either 
a control pressure appropriate to providing positive 
pressure breathing is obtained in the breathing-pres- 
sure control chamber 32 which In turn loads diap- 
hragm 94, or a 26 acceleration Is exceeded along the 
longitudinal axis of the vah^e module 90 so that the 
inertial force of the mass 91 overcomes the bias of the 
spring 95, at either of which occurences the valve 
member is moved to close connection t)etween the 
passageway 76 and the outlet 80. It will be 
appreciated that the unit 10 is installed in an aircraft 
such that the longitudinal axis of the valve module 90 
and, also, that of the valve module 100, is substan- 
tially aligned with the vertical axis of the aircraft 
whereby the valve nnodules are responsive to positive 
accelerations of the aircraft along that axis. 

With continuing reference to Figure 2, the second 
valve module 100 comprises a valve meml>er 101 
supported in the body portion of the unit 10 by three 
diaphragms 102, 103 and 104, respectively. The 
valve member has a needle end 1 05 which is adapted 
for progressively closing with a valve seat 106 pro- 
vided on an outlet from the passageway 76 whereby 
the passageway 76 may be connected with the outlet 
81 to aircraft cabin. A spring 107 acts between the 
body portion and the underface of a shoulder 1 08 pro- 
vided on the valve member 1 01 to bias the needle end 
1 05 awayfirom the valve seat 106. The diaphragm 102 
is attached to the valve member 101 nearto the shoul- 
der 108 on a portion of the valve member that is of 
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larger diameter than the needle end 105. The diap- 
hragm 1 03 is attached to a flange 1 09 spaced from the 
shoulder 108 along the length of the valve member 
101. Opposed faces of the diaphragms 102 and 103 
define with the body portion of the unit 10 a feedback 
chamber 110 which is connected by a passageway 
111 with the passageway 59 so that G-sult inflation 
pressure at the outlet 14 is applied In the feedback 
chamber 110. The diaphragm 1 04 is attached to valve 
member 101 near to its end face 112 opposite the 
needle end 105. Opposed faces of the diaphragms 
103 and 104 define with the body portion of the unit 
10 a chamber 113 which is connected by a passage- 
way 114 with the outlet 80 to aircraft cabin. 

An inertia mass 1 15 is supported In the body por- 
tion by a diaphragm 116 and projects a spigot 117 
towards contact with the end face 112 of the valve 
member 101. Opposed faces of the diaphragms 104 
and 116 define with the body portion of the unit 10 a 
chamber 118 which is connected by passageway 98 
with breathing-pressure control chamber 32. The 
opposite face of the diaphragm 1 16 and that end face 
of the inertia mass 115 opposite the end face project- 
ing the spigot 117 are communicated with aircraft 
cabin pressure by way of a port 1 1 9 in the body portion 
of the unit 10. 

The arrangement of the valve module 100 is such 
that pressure in the breathing regulator control cham- 
ber 32 is applied In the chamber 118 and acts on the 
diaphragm 1 04 to urge the valve member 1 01 towards 
closing the Gonnectx>n between the passage 76 and 
the outlet 81 . At the same time this pressure acts also 
on the diaphragm 116 to null any action of the inertia 
mass 115 unless this mass Is subject to an acceler- 
ation of magnitude and direction sufficient to over- 
come the pressure in the chamber 118 whereupon it 
acts on the end face of the valve member to move it 
towards closing the needle end 105 with the valve 
seat 106. The pressure in the G-suit is sensed in the 
feedback chamber 110 and urges the valve member 
101 to move towards opening the needle end 105 
away from the valve seat 106. The final condition of 
the valve nrK>dule 1 00 is determined when the press- 
ure in feedt>ack chamber 1 10 is balanced by the net 
combinatton of breathing pressure in chamber 118 
and inertial loading on the mass 115; thus providing* 
a close loop feedback arrangement 

Referring again to Figure 1, servo-pressure is 
applied also by way of the passageway 76 and the 
passageway 77. to one side of a diaphragm 120 and 
acts to urge a valve head 121 towards closing a vent 
port 1 22 provided in the outlet 1 4. The valve head 1 21 
Is biased by a spring 124 to open the vent port 122 to 
an outlet 1 23 to aircraft cabin whereby Inflation gas is 
vented from the G-sult 

A maximum pressure relief valve 125 provides for 
excess servo-pressure to vent to aircraft cabin via a 
secondary outlet 126. 
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The present invention provides for servo-pres- 
sure controlling closing movement of valve head 121 
and opening movement of the valve member 60 for 
inflation of the G-suit to be set by either of the requfre- 

5 ments for protection at cabin altitude in excess of 
12000 metres or protection against the effect of G- 
load. Moreover, the arrangement in accordance with 
the present invention ensures that when both condi- 
tions occur simultaneously the higher of the pressures 

10 required for infiatk>n of the G-suit Is delivered and that 
the effects of altitude and G-load are not additive. 

in operation of the combined breathing demand 
regulator and G-suit inflation control means with oxy- 
gen-enriched air available at the Inlet 11 and the 

IS selector valve 19 switched to communicate the inlet 
1 1 with the main regulator 17, and with high pressure 
air available at the inlet 12 and the shut-off valve 67 
switched to communicate the inlet 12 with the inflation 
gas supply passageway 64 to the control vaK^e mem- 

20 bet 60» the main regulator 17 operates, as hereinbef- 
ore described, to supply oxygen-enHched air to the 
outlet 13 in response to the breathing demands of an 
aircrew member. If the aircraft cabin becomes decom- 
pressed such that the cabin altitude exceeds 12000 

25 metres, the aneroid capsule 56 expands to move the 
valve head 50 towards increasing the restriction to 
outflow from the breathing-pressure control chamber 
32 so that the control pressure in chmber 32 
Increases resulting in raising of the oxygen-enriched 

30 air pressure at the outlet 13. This pressure increase 
in the chamber 32 is sensed in chambere 96 and 118 
of the vah^e modules 90 and 100, respectively, and is 
effective to move the valve membere of these mod- 
ules towards closing communication between the 

35 passageway 76 and the outlets 80 and 81 , respect- 
ively. This results in a servo-pressure being built up 
in chamber 79 which is effective on the diaphragm 
120 to urge the valve head 121 towards closing the 
vent port 122 in the Inlet 14. This servo-pressure Is 

40 applied also to the diaphragm 61 to overcome the bias 
of the spring 63 and nrK>ve the valve memt>er 60 and 
with it the valve head 62 to an open position so that 
pressurised air flows to the outiet 1 4 for inflation of the 
G-suit. The servo-pressure set by the vah^e module 

45 100 is arranged to be such as to provhfe for inflation 
of the G-sult to a pressure which is typically three to 
four times that of the pressure of the oxygen-enriched 
air at the outiet 13. G-suit inflatkin pressure at the out- 
let 1 4 is appi led to the valve head 62 and acts with the 

so spring 63 to move the vahfe member 60 towards dos- 
ing against the servo-pressure. G-suit inflation press- 
ure is sensed also in feedback chamber 110 of the 
valve module 100 and, when thte pressure balances 
the pressure in chamber 118, the valve member 101 

55 is urged to lift the needle end 105 from the seat 106 
so reducing the servo-pressure In the chamber 61 
whereby the valve 60 Is urged to dose by the combi- 
nation of the spring toad 63 and the pressure in the 

9 



15 



EP 0 448 258 A1 



outlet 65. 

At cabin altitudes below 12000 metres and with a 
load of one G, servo-flow is vented to aircraft cabin by 
way of the outlets 80 and 81. As acceleration along the 
aircraft vertical axis builds to Impose a load above one 
G this is sensed by the Inertia mass 115 which acts 
on the yaWe member 1 01 to cause the needle end 1 05 
to commence to close with the valve seat 1 06 thereby 
increasingly restricting venting of servo-flow through 
the outlet 81 . As the load builds towards 2G the nee- 
dle end is closed, or very nearly closed, with the valve 
seat and, because the outflow through the other outlet 
80 is choked by the restrictor orifice 82, the servorcon- 
trol system is pre-charged to a level just below that 
required for servo-pressure on the diaphragm 61 of 
the valve member 60 to overcome the bias of the 
spring 63. When the load exceeds 2G this is sensed 
by the Inertia mass gi of the valve module 90 as a 
force which is effecth/e to overcome the bias of spring 
95 and the inertia mass 91 moves the valve member 
92 in the manner of a switch to close connection be- 
tween the passageway 76 and the outlet 80 so that 
servo-pressure Is inrunediately bu3t-up to a level that 
is effecth^e to move the valve head 121 towards clos- 
ing the vent port 122 and the valve member 60 
towards opening so that pressurised air flows to the 
outlet 14 whereby the G-suit is inflated to a first pre- 
detemnined pressure as is shown by the graph of Fig- 
ure 3. G-suit inflation pressure is sensed in feedback 
chamber 1 10 of the valve module 100 and, when this 
pressure balances the Inertial load applied by the 
mass 115, the valve member 101 is urged to lift the 
needle valve 105 from the seat 106 so reducing the 
sen/o-pressure in the chamber 61 whereby the valve 
member 60 is urged to dose by the combination of the 
spring load 63 and the pressure In the outlet 65. As 
load continues to build above 2G the valve module 
100 is moved by the inertial loading of the inertia mass 
1 15 to further Increase the servo-pressure so that G- 
suit Inflation pressure is increased at a steady rate as 
Is shown by the slope of the graph of Figure 3. Oper- 
ation of the valve modules 90 and 100 provide a desi- 
rable feature whereby in the presence of increasing 
6-load the protection garment is rapidly inflated to an 
initial pressure when a load of 2G is exceeded and the 
inflation pressure is thereafter increased at a steady 
rate with increasing acceleration. At the same time 
pressure in the outlet 14 is applied by way of passage- 
%vay 59 to the back face 53a of the valve stem 51 and 
is effective to move the valve head 50 towards restrict- 
ing outflow finom breathing-pressure control chamber 
32 whereby pressure in chamber 32 is increased in 
obtalnment of positive pressure breathing for further 
protectk>n of the aircrew member against the effect of 
G-load. 

In the event that the aircrew member is subjected 
to G-load following cabin decompression with the air- 
craft operating at cabin altitudes in excess of 12000 
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metres, G-suit inflation pressure at the outlet 14 and 
oxygen-enriched air pressure at the outlet 1 3 is set at 
the higher of the requirements for protection against 
G-load and altitude. If altitude gives rise to the higher 

5 requirement the aneroid capsule 56 expands to move 
the valve head 50 to set the pressure in the breathing- 
pressure control chamber 32 in obtalnment of positive 
pressure breathing. Pressure in the chamber 32 
applies also in the chambers 96 and 118 of the valve 

10 modules 90 and 100, respectively, and acts to move 
the valve members of these modules to close com- 
munication between the passageway 76 and the out- 
lets 80 and 81, respectively, whereby the G-suit is 
inflated as hereinbefore described. At the same time, 

15 pressure in chamber 1 1 8 is effective to null the action 
of the inertia mass 115 until such time as increasing 
acceleration gives rise to a G-load which results In a 
force on the Inertia mass 115 that overcomes the 
effect of the pressure in the chamber 118 and moves 

20 the inertia mass into contact with the vah^e member 
101. Servo-pressure is then that set by the action of 
the inertia mass 1 1 5 so that the G-suit inflation press- 
ure is increased to protect the aircrew member 
against the higher requirement for protection against 

25 G-load. This increased inflation pressure is then 
applied to the end face 53 to move the vahre head 50 
towards further restricting the outflow from chamber 
32 so that the pressure of the oxygen-enriched air 
available for breathing at the outlet 13 is further 

30 increased in protecting the aircrew member against 
the higher posiUve pressure breathing requirement 
set by G-load. 

Rgure 4 illustrates a modified form of the 
apparatus shown in Figure 1. In describing these 

35 modiflcations like elements of the apparatus will be 
given like refierence numerals. 

The first modification is seen in the valve arrange- 
ment provided with the chamber 35 where the valve 
stem 51 which carries the vah^e head 50 and the load- 

40 ing memt>er 55 carried by the aneroid capsule 56, are 
supported by diaphragms 130 and 131, respectively, 
rather than being sliding fits in the bore 52 in the body 
of the unit 10. 

The second modification Is found in the anrange- 

45 ment of the shut-off valve 67 and the inflation gas sup- 
ply passageway 64. A vent outlet 1 32 to aircraft cabin 
is provided in the passageway 64 and the shut-off 
valve 67 is movable between a position In which It 
closes communication between the inlet 12 and the 

so passageway 64 in which case the outlet 132 is open 
to aircraft cabin, and a position in which it closes the 
outlet 132 In which case the Inlet 12 is conrvnunlcated 
with the passageway 64. This featore provides a 
means for rapidly decaying servo-pressure by open- 

55 ing the outlet 13280thatthevalve head 121 israpidly 
moved to a position opening the vent port 122 
whereby the G-suit \b quickly deflated. 

A further modification is proviston of a cylindricai 
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cup member 133 supported from the body of the unit 
10 for housing the spring 63 which acts on the valve 
head 62 to urge the valve member 60 towards closing. 
A drilling 134 is provided in the closed end of the cup 
member 133 whereby G-suit inflation pressure at the s 
outlet 14 may be fed badk to the valve head 62 as it 
closes with the cup member 133. The cup member 
provides a chamber in which a stable pressure 
applies because tt Is protected from the turbulent 
airflow which exists in the passageway 65. io 

Another possible modification, not illustrated in 
Figure 4, is that the valve members of the valve mod- 
ules 90 and 1 00, together with the inertia mass 1 1 5 of 
the valve module 100, may be sliding fits in the body 
of the unit 1 0 rather than being carried by diaphragnns. is 



Claims 

1. An aircraft aircrew breathing demand regulator 20 
adapted to t>e connected with a breathing gas 
source for regulating delivery of breathing gas to 

a breathing nrtask in response to breathing 
demands of the aircrew member, the regulator 
including a t>reathing-pressure control chamber 25 
fed with gas to develop a control pressure therein 
detemdining the t)reathlng gas pressure delivered 
by the regulator, aneroid means for controlling 
outflow from the control chamber to increase bre- 
athing gas delivery pressure appropriate to posi- 30 
tive pressure tmathing above a predetemnlned 
aircraft cabin altitude, and valve means for con- 
trolling outflow from the control chamber to 
increase breathing gas delh^ery pressure approp- 
riate to positive pressure breathing in the pre- 3S 
sence of high or rapidly changing G-load, 
characterised In that the aneroid means and the 
control chamber outflow control valve means 
coact such that in the presence of G-load above 
said predetemr)lned aircraft cabin altitude the out- 40 
flow control valve means is moved to control out- 
flow from the control chamber to increase 
breathing gas delivery pressure appropriate to 
protection against the higher of the altitude and 
G-load requirements. 45 

2. A breathing demand regulator as claimed in 
Claim 1, further characterised in that the outflow 
control valve means comprises a valve head in- 
line with the aneroid means and moved by expan-* so 
sion of the aneroid means towards restricting 
outflow from the control chamber. 

3. A breathing demand regulator as claimed in 
Claim 2, further characterised in that the valve 55 
head is carried by a valve stem having an end 
face opposite the valve head adapted for com- 
munication with a pneumatic signal representa- 



tive of inflation pressure in a G-suit worn by the 
aircrew member. 

4. A breathing demand regulator as claimed In 
Claim 3, further characterised in that the aneroid 
means is adapted to act on the end face of the 
valve stem for movement of the valve head at 
altitude causing expansion of the aneroid means. 

5. A breathing demand regulator as claimed in 
Claim 4, further characterised in that the aneroid 
means acts on the valve stem through a loading 
member. 

6. An aircraft aircrew life support system comprising 
a breathing demand regulator adapted to be con- 
nected with a breathing gas source for regulating 
delivery of breathing gas to a breathing masic in 
response to breathing demands of the aircrew 
member, and, if required, to a chest counter-pres- 
sure ganment; and antl-G valve means and G'^it 
inflation pressure control means responsive 
thereto for outputting inflation gas to the G-sult, 
characterised In that the breathing demand regu- 
lator is in accordance with any one of the preced- 
ing claims. 

7. A system as claimed in Claim 6, further charac- 
terised in that the anti-G valve means comprises 
first antl-G valve means including an inertia mass 
responsive when G-load exceeds a predeter- 
mined level to cause rapid inflation of the G-suit 
to a first pressure and second anti-G valve means 
Including an inertia means responsive to increas- 
ing G-load for controlling G-suit Inflation pressure 
to increase at a steady rate with Increasing G- 
load above said predetenmined level. 

8. A system as claimed In Claim 7» further charao- 
terised by nneans for applying breathing regulator 
control chamber pressure to the first and second 
anti-G valve means for inflation of the G-suit in the 
absence of G-load above said predetenmined air- 
craft cabin altitude^ whereby said pressure acts to 
null the effect of the inertia mass of the second 
valve means when the requirement for protection 
against altitude is higher than for protection 
against G-load. 

9. A system as claimed in either one of Clainns 7 or 
8, further characterised in that the first and sec- 
ond anti-G valve means control servo-pressure of 
a servo-valve anrangement oontrolling Inflation of 
the G-sult 

10. A system as claimed In Claim 9, further charac- 
terised in that the servo-vaVe arrangement com- 
prises an inflation gas flow control valve member 
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adapted for opening under the action of servo- 
pressure to communicate an inflation gas inlet 
with an inflation gas outlet whereby inflation gas 
flows to the outlet for Inflation of a G^uit connec- 
ted to the outlet, and a G-suit vent valve member 
adapted for closing under the action of servo- 
pressure with a vent port in the outlet whereby 
when the vent valve member is in an open posi- 
tion the G-suit Is vented to atmosphere. 



10 



11. A system as claimed inanyon6 0fC!aims7to10, 
further characterised in that the first anti-6 valve 
means comprises a valve member carried by a 
diaphragm, an inertia mass biased by a spring to 
off-load the valve member below the predeter- is 
mined level of G-ioad, and means for sensing bre- 
athing regulator control chamber pressure on that 
side of the diaphragm facing the inertia mass. 

12. A system as claimed in any one of Claims 7 to 11 , 20 
further characterised in that the second anti-G 
valve means comprises a valve member suppor- 
ted by a plurality of diaphragms and having a 
valve head at one end thereof, an inertia mass 
supported by a diaphragm and adapted for acting 25 
against an end face of the valve member opposite 

the valve head for movement of the valve member 
under influence of increasing acceleration, 
means for sensing breathing regulator control 
chamber pressure in a chamber defined between 30 
the inertia mass supporting diaphragm and an 
end one of the valve member supporting diap- 
hragms, a spring acting to bias the valve member 
towards an open position, and means for sensing 
G-suit inflation pressure and for using this press- 35 
ure as a feedback force for movement of the valve 
member in opposition to the resultant of the iner- 
tial force on the inertia mass and the force applied 
by pressure in the chamber defined between the 
inertia mass supporting diaphragm and the end 40 
one of the valve member supporting diaphragms. 



46 
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